Abstract
Results
Fifty-seven patients had carcinoma (SRC!50%), and 79 patients had tumors containing <50% SRCs, and 535 patients was in non-SRC poorly differentiated adenocarcinoma group. There were no significant differences among the three groups in clinicopathological characteristics. Patients in SRC!50% group had a lower overall survival rate (at 3-year 37.6%versus71.1%; at 5-year 0% versus 43.3%; p<0.001) compared with the control group. Even survival outcome of patients in SRC < 50%was inferior to that of in control group (at 3-year 53.0%versus71.1%; at 5-year 25.9% versus 43.3%; p<0.001). Female sex, large tumor size and increasing TNM stage were independent prognostic factors for SRC !50% esophageal carcinoma patients.
Conclusions
The incidence of esophageal SRC carcinoma is relatively rare and the worst outcome is observed in the SRC! 50% group. It is necessary to explore new therapeutic modalities to achieve further improvements in the clinical outcome of these patients.
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Introduction
Esophageal carcinomas have usually been found to be squamous-cell carcinomas [1, 2] . During the past 20 years, the incidence of squamous-cell carcinomas has decreased in the United States, while the rate of adenocarcinoma has increased [3] . Smoking and obesity may account for some of these changes [1] . Adenocarcinoma of the esophagus has a poor prognosis. Signet ring cell (SRC) carcinoma is a form of adenocarcinoma which was defined by the World Health Organization classification as those where more than 50% of the tumor consisted of isolated or small groups of malignant cells containing intracytoplasmic mucins [4] . The incidence of esophageal signet ring cell carcinomas is estimated to range from 3.5% to 5% for all esophageal malignancies in western studies [5] [6] [7] . Although these studies have reported on the incidence, clinicopathological features and prognosis of signet ring cell carcinoma of the esophagus and the gastroesophageal junction, it has not been well studied in the Asian population. Most SRC carcinoma in the gastroesophageal junction is originated from stomach, the clinicopathological features and prognosis of SRC carcinoma originated from the esophagus (excluding gastroesophageal junction) is not clear.
In this study, we sought to examine the constituent ratio of adenocarcinoma in all esophageal malignancies, review the clinical characteristics, treatment, and prognosis of cases with primary SRC carcinoma of the esophagus (not including carcinoma in the gastroesophageal junction) and compare them with those of adenocarcinomas without documented signet ring cell features.
In general, the prognosis of patients with SRC carcinoma of any organ site is poor. However, a large-volume study from the United States demonstrated that after adjusting for age, SRC does not necessarily portend a worse prognosis [8] . The results of these studies were not consistent. These discrepancies can be partly explained by the methodology and design variations of each study, the heterogeneity of non-SRC groups according to tumor differentiation. SRC carcinoma is poorly differentiated adenocarcinoma and confers worse prognosis than well-to-moderately differentiated adenocarcinoma [9] . In this aspect, in order to analyze the clinicopathologic characteristics and prognosis of esophageal SRC carcinoma, poorly differentiated non-SRC adenocarcinoma was used as control group.
Patients and methods
A total of 10,461 cases with esophageal carcinomas underwent elective surgical resection in the Department of thoracic surgery Chinese PLA General Hospital and Department of thoracic surgery the First Affiliated Hospital of Xiamen University from January 2006 to June 2016. Patients who had histologically confirmed adenocarcinoma of the esophagus and histologically proved containing SRCs were identified by examination of pretreatment biopsy and final pathology reports. Adenocarcinoma was also classified as well (well-formed glands), moderately, or poorly differentiated (highly irregular glands that are recognized with difficulty) according to the WHO classification. Data were retrieved from operative and pathological reports, and follow-up data were obtained by phone, outpatient and clinical databases.
In order to evaluate the impact of the presence of SRCs, the cases were divided into 3 groups on the basis of the definition of the WHO: SRC !50% group, SRC < 50% group and non-SRC poorly differentiated adenocarcinoma. Non-SRC poorly differentiated adenocarcinoma group served as control group.
Diagnostic investigations routinely included a history taking, physical examination, routine laboratory tests, a barium study and an esophagi-gastro-duodenoscopy with biopsies, a neck and thoracoabdominal CT scan, selective endoscopic ultrasound evaluation, and external ultrasonography of the neck.
Treatment
All of the included patients underwent elective esophagectomy. The type of resection was dependent on location of tumor and surgeon preference. The location of the upper, the middle and the lower esophageal carcinoma is at 20-25 centimeter (cm), 25-30 cm and 30-40 cm from the incisor teeth respectively. Open Ivor-Lewis included a two-field lymph node dissection through a laparotomy and muscle-sparing right thoracotomy. None of the McKeown procedures included a cervical field node dissection. Minimally invasive procedures were a combination of complete minimal access cases in abdomen and chest plus the hybrid cases for which either the abdominal or thoracic component of the operation was performed in the standard, open fashion. None of the included patients underwent radiotherapy or chemotherapy before surgery, and none had prior malignant disease or metastatic spread on routine examination before surgery. Patients with positive lymph node metastasis or positive margin in a resected specimen, postoperative radiotherapy or adjuvant chemotherapy were administered.
Histopathological analysis
All specimens were blindly reevaluated by the same experienced pathologist (Bai DY) specifically for the purpose of this study looking for presence of SRC, percentage of SRC volume as compared with the total volume of tumor, location of the primary lesion, depth of invasion, margin status, and lymph node metastases. Staging was determined according to the seventh edition of the American Joint Committee on Cancer system for esophageal carcinoma [10] . The WHO pathology classification was then applied to form the 2 study groups: carcinomas containing more than 50% SRCs (SRC !50%) ( Fig 1A) and carcinomas containing less than 50% SRCs (SRC < 50%) (Fig 1B) . Poorly differentiated adenocarcinoma without SRCs group served as control group (Fig 1C) .
Microscopic radicality with a tumor-free resection margin is defined as R0. With R1 there is microscopic, and with R2 macroscopic residual tumor. Examples of R2 are tumor perforation, residual non-resectable tumor and/or metastasis-infiltrated lymph nodes.
Ethical considerations
This was a retrospective study undertaken in the Department of thoracic surgery Chinese PLA General Hospital and Department of thoracic surgery the First Affiliated Hospital of Xiamen University from January 2006 to June 2016. Data were retrieved from operative and pathological reports, and follow-up data were obtained by phone, outpatient and clinical databases. Written informed consent was obtained from the patients or the patients' close relatives. The study was approved by the Chinese PLA General Hospital / First Affiliated Hospital of Xiamen University Research Ethics Committee. All study methods were performed in accordance with the relevant guidelines and regulations.
Statistical analysis
Data are reported as the mean±SD for continuous variables and as frequencies and percentages for categorical variables. Continuous variables were compared by Student t test for normally distributed values. Differences in percentages were evaluated using the Chi-square test. The survival time was calculated from the start of treatment to the point of death or last follow-up. We analyzed prognostic factors by Cox's hazard regression model, with the entry factors of age (60 years versus 60 years), gender, location of the primary lesion, length of the primary lesion (5 cm versus 5 cm), pTNM stage. Survival curves during follow-up were plotted by the Kaplane Meier method. Significance was considered to be present for values of p<0.05.
A commercial statistical software package (SPSS for Windows, version 17.0; SPSS, Chicago, IL) was used for data analysis.
Results

Patient demographics
Of the 10,461 patients initially identified, 1151(11.01%)patients had histologically confirmed adenocarcinoma of the esophagus. Fifty-seven(0.55%)patients had primary esophageal SRCs carcinoma (SRC!50%), and 79(0.76%)patients had tumors containing <50%SRCs, and 1015 (9.71%)patients were recorded as having adenocarcinoma without SRCs. Of these patients having adenocarcinoma without SRCs, 154 (1.48%) were well differentiated, 326 (3.12%) were moderately differentiated, and the remaining 535 (5.12%) were poorly differentiated (Fig 2) . The clinical features of patients in the signet ring cell adenocarcinoma group and the reference group (poorly differentiated adenocarcinoma) are shown in Table 1 . The esophageal SRCs carcinoma (SRC!50%) group consisted of 49 men and 8 women with an average age of 58.1 years. Patients' ASA grade was I or II in 78.9% of the cases. Pretreatment weight loss affected 22.2% of the patients. There were no statistically significant differences among the three comparison groups in demographic characteristics such as age, sex, BMI, family history of esophageal carcinoma and comorbid conditions.
Clinical pathologic characteristics
The clinical pathologic characteristics of patients in the SRC adenocarcinoma groups (SRC!50% and SRC<50%) and the reference group (poorly differentiated adenocarcinoma) are shown in Table 2 . Most tumors (75.4%) were in the middle and lower third of the esophageal and the clinical stage II-III was observed in 87.7% of the SRC!50% group. R0 resection rates was 86.0%, and positive margin was observed in 14% in the SRC!50% group with positive proximal margin in 6 (11.5%), distal margin in 5 (8.8%), lateral margin in 5(8.8%) and longitudinal margin in 4 (7%). There were no statistically significant differences between groups (SRC vs. non-SRC group; SRC!50% vs SRC<50% group) in clinical pathologic characteristics such as clinical stage, length, positive margin and lymph nodes harvested.
Survival
The overall survival curves for all patients from the SRC groups (SRC!50% and SRC<50%) and patients from the reference group were shown in Fig 3. The median overall survival duration for patients in the SRC!50% group was 29 months (95% confidence interval [CI]: 21 to 36), which was significantly shorter than that observed in the SRC<50% group (39 months, 95% CI: 33 to 44) and the reference group (56 months, 95% CI: 48 to 63). Patients in the SRC!50% group had a lower overall survival rate (at 1-year 83.7%versus 94.1%, at 3-year 37.6%versus71.1%; at 5-year 0% versus 43.3%; p<0.001) compared with the reference group. Even survival outcome of patients in the SRC<50% group was inferior to that of the reference population (at 1-year 93.5%versus 94.1%, at 3-year 53.0%versus71.1%; at 5-year 25.9% versus 43.3%; p<0.001). Examination of the association of individual variables with overall survival showed that female sex, large tumor size and increasing TNM stage were independent prognostic factors for patients with SRC !50% esophageal carcinoma (Table 3) .
Discussion
In the present study, the frequency of SRC carcinoma of the esophagus was 0.55% (57/10,461). We have shown that primary esophageal SRCs carcinoma (SRC!50%) have a much worse cancer-specific prognosis than poorly differentiated adenocarcinoma without SRCs (overall 5-year survival of 0% vs 57%, respectively; P<0.001). And survival outcome of patients in the SRC<50% group was inferior to that of the reference population. Our findings also indicate that female, tumor length!5 cm and increased TNM stage were independent risk factors for the poor prognosis in esophageal SRCs carcinoma.
SRC carcinoma is a rare histologic variant of esophageal adenocarcinoma that has been recently increasing reported in the western countries [7] . Most of the published data reported the SRC carcinoma of the esophagus and esophagogastric junction [11] [12] [13] [14] [15] . Literature on the clinical characteristics and long term outcome of the esophagus SRC carcinoma focused on Asian population and the SRC carcinoma of the esophagus (excluding esophagogastric junction) is limited. In the present study, SRC histology was identified in 136 of 1015 patients with esophageal adenocarcinoma (13.4%). This was in line with recent report by Nafteux PR [6] , which was focused on western population. SRC carcinoma may be occurred in a variety of organs, including urinary bladder [16] , prostate [17] , the stomach [18] , colon [19, 20] , lung [21] , and breast [22] . In general, the prognosis of patients with SRC carcinoma of any organ is poor [16, [19] [20] [21] [22] [23] [24] . Our findings revealed that the median overall survival time of patients with esophageal SRCs carcinoma in our study was 29 months, which was much shorter than the 56 months in regular adenocarcinomas with the same stage. Based on our results, we confirmed that the existence of signet-ring cells may be a negatively prognostic maker regardless the percentage of SRC component.
Surgical resection is the primary therapy. The incidence of positive margins in SRC group was higher than that in the reference group, and this was consistent with the previous study [15] . The proportion of patients with R1 resection (17.6%vs9.9%, respectively; P = 0.016) and with tumor located more than two thirds of the esophageal (13.2%vs7.2%, respectively; P = 0.037) was higher in the SRC group as compared with the PDA group. This could possibly explain the lower survival in the SRC group than in the PDA group. A higher proportion of positive margins in the SRC group indicate that these patients may need to be resected a wider margin. And patients with positive margin in a resected specimen, postoperative radiotherapy or adjuvant chemotherapy were administered. There was no significant difference among the three groups in the TNM stage at the time of diagnosis which was not consistent with previous investigation [15] . Early-stage esophageal SRC carcinomas are found to have better outcomes.
To our knowledge, this study was the first to analyze clinical parameters and long term outcome of patients with SRC carcinoma of the esophagus in Asia. However, our study had some limitations. Firstly, this study is limited by its retrospective nature, which may lead to missing data and may introduce bias. Secondly, the main problem with studying signet ring cell esophageal adenocarcinoma is its relative rarity, thus limiting the statistical power of such studies. Thirdly, the present study includes only surgically treated patients, excluding patients with metastasis at presentation or patients not sent for surgical resection due to comorbidities or other factors.
In summary, the incidence of SRC carcinoma of the esophagus is relatively rare and our study confirmed that patients with SRC carcinoma of the esophagus have a worse prognosis than reference group when treated by primary surgery. Surgical resection is the primary treatment, but the prognosis is poor. Female sex, large tumor size and increasing TNM stage portended worse prognosis are independent prognostic factors. It is necessary to achieve further improvements in the clinical outcome of patients with such tumors by developing new therapeutic modalities.
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